. Douple immunohistochemical staining for lacZ (red) and cholinergic marker ChAT (green) in Phox2b-Cre, RosalacZ mice. Cre mediated LacZ activity is seen in the cholinergic parasympathetic preganglionic neurons of the DMV (yellow). Very few scattered lacZ positive neurons are seen in the NTS and area postrema. In contrast, cholinergic preganglionic sympathetic neurons of the IML do not express Cre and are not stained with lacZ. Figure S2 . Body weight, oxygen consumption expressed per lean body mass and locomotor activity in 6-7-week old male mice. (A and F) At this age, loxTB MC4R, ChAT-Cre, loxTB MC4R and Phox2b-Cre, loxTB MC4R mice are heavier compared to wild-type mice. Importantly, to exclude the possibility that changes in body composition would affect the differences in metabolic rate, energy expenditure measurements were analyzed from weight matched MC4R null and reactivated ChAT-Cre, loxTB MC4R and Phox2b-Cre, loxTB MC4R mice. When oxygen consumption was expressed per lean body mass, there was a trend towards reduced oxygen consumption in loxTB MC4R mice compared to wild type littermates during light and dark period (B, C, G and H) . Importantly, decreased metabolic rate was normalized in ChATCre, loxTB MC4R mice (B, C), but not in Phox2b-Cre, loxTB MC4R mice (G, H). Locomotor activity during light and dark period is similar between genotypes (n=8-9/group, mean ± SEM, *p< 0.05, **p<0.01). (G-J) The oxygen consumption expressed per lean body mass and locomotor activity during light and dark period is similar between genotypes in Phox2b-Cre, loxTB MC4R mice (n=6/group, mean±SEM). Total pancreatic insulin pool was similar between genotypes in ChAT-Cre, lox TB MC4R (n=4-7/group, mean±SEM) and Phox2b-Cre, loxTB MC4R (n=7-9/group, mean±SEM) mice. 
Supplemental Experimental Procedures

Generation of ChAT-IRES-Cre and Phox2b-Cre BAC Transgenic Mice
To target Cre expression specifically to cholinergic neurons (ChAT-IRES-Cre mice), an optimized internal ribosome entry sequence (IRES) fused to Cre recombinase (Michael et al., 1999) followed by a neomycin resistance cassette that is flanked by Flp recombinase recognition sites (FRT sites) was inserted after the ChAT stop codon in BAC (bMQ185k21) using homologous recombination in bacteria (Copeland et al., 2001) . A genomic ChAT fragment containing 4kb homology arms on either side of the IRES-Cre insertion site was lifted out from the BAC using reverse recombineering techniques and transformed into ES cells.
Generation of genetically modified mice and removal of Flp-flanked neomycin cassette was as previously described (Tong et al., 2007) .
Phox2 proteins are expressed early in the development by a subset of cranial motor neuron, including preganglionic parasympathetic neurons of the dorsal motor nucleus of the vagus (Brunet and Pattyn, 2002) . Importantly, it is noteworthy that while Phox2b is expressed by cholinergic parasympathetic preganglionic neurons, it is not expressed in cholinergic sympathetic preganglionic neurons (Brunet and Pattyn, 2002; Pattyn et al., 1997) . To target Cre-expression in preganglionic parasympathetic neurons, a BAC clone RP24-95M11, containing the Phox2b locus flanked by >75Kb of genomic DNA at both the 3` and 5` ends of the gene, was used to drive Cre recombinase expression. A Cre recombinase cassette was introduced into the ATG translation start codon of the Phox2b BAC, using bacteria dependent recombination. Briefly, a Cre expression cassette was coupled to 90bp of DNA homologous to the Phox2b locus 5` of the Phox2b ATG and to DNA directly 3` of the ATG by PCR. This targeting fragment was then electroporated into recombination competent bacteria harboring the Phox2b BAC. Recombinants were identified by positive antibiotic selection. The Phox2b-Cre BAC was injected into C57Bl/6J mouse pronuclei to produce independent founder lines. Each line was crossed with the R26R LacZ reporter line to map the activity pattern of Cre recombinase.
We selected one Phox2b Cre BAC transgenic line that expressed Cre recombinase activated LacZ specifically in DMV. Cre activated lacZ was detected in parasympathetic visceral and brachial motor neurons as expected, given the role of Phox2b in patterning the development of these cell types. As well, LacZ activity was seen in scattered neurons of the NTS and area postrema. For this particular application, we chose a founder line with very little NTS and area postrema expression. Importantly, no expression was observed in the periphery or spinal cord in this Phox2b Cre line.
To generate study groups, loxTB MC4R mice were crossed with ChAT-IRES-Cre and Phox2b-Cre BAC transgenic mice. Non-transgenic heterozygous loxTB MC4R offspring were mated with ChAT-IRESCre or Phox2b-Cre transgenic heterozygous loxTB MC4R littermates to generate WT, homozygous loxTB MC4R and ChAT-Cre, loxTB MC4R and Phox2b-Cre, loxTB MC4R mice. All mice are on a mixed C57Bl6/J, 129Sv and FVB background. Littermates were used for all studies to avoid genetic background effects.
Immunohistochemistry
Phox2b-Cre mice were crossed with R26R LacZ reporter mouse line (Jackson Laboratories stock #003309) and the douple transgenic offspring were perfused transcardially with 10% formalin and brain and spinal cord were sectioned on a sliding microtome to map the expression pattern of Crerecombinase. Immunostaining for lacZ and ChAT was performed using chicken anti beta-galactosidase (Ab9361-250, Abcam) and goat anti ChAT (AB144P, Chemicon), respectively.
Energy expenditure and locomotor activity
For metabolic measurements, 6-7-week old male mice were used. To exclude possible effects of different body weights on metabolic measurements (Butler and Kozak, 2010) , energy expenditure was analyzed from weight matched MC4R null and reactivated ChAT-Cre, loxTB MC4R and Phox2b-Cre, loxTB MC4R mice. Before the experiment mice were acclimatized to individual caging for 3-4 days. Mice were then transferred to metabolic chambers for additional 4 day acclimatization period with food provided ad libitum. Long acclimation period to individual caging and novel environment was used to minimize the effect of stress on feeding behavior and metabolism described in mice deficient of MC4R signaling (De Souza et al., 2000) . Following acclimation, energy expenditure (O 2 consumption) was measured by indirect calorimetry and simultaneous locomotor activity was assessed by infrared light-beam frame surrounding the cage using TSE Labmaster monitoring system (TSE Systems GmbH, Bad Homburg, Germany).
Average oxygen consumption was calculated for both light and dark periods and expressed per lean body mass. For locomotor activity analysis, beam breaks in X-and Y-axis (ambulatory activity) was measured and summarized over dark and light periods.
Total pancreatic insulin measurements
Total pancreatic insulin content in 7-9-week-old male mice was measured after acid-ethanol extraction (Ma et al., 2004; Moynihan et al., 2005) . Briefly, following euthanasia pancreata were carefully dissected and immediately frozen in dry ice. After determination of the wet weight, pancreata were homogenized with a hand held Tissue-Tearor homogenizer in mixture of ice-cold acid-ethanol (0.18 M HCl in 70% ethanol). The extract was incubated at +4ºC overnight, centrifuged and the supernatant was stored at -20ºC until analysis. Extractions were repeated twice, and the supernatants were pooled and stored at −20°C. Following extractions, insulin was measured using Ultra Sensitive Rat Insulin ELISA-kit (Crystal Chem. Inc., Downers Growe, Illinois).
Hyperinsulinemic-euglycemic clamp
Hyperinsulinemic-euglycemic clamps were performed as previously described (Hill et al., 2010) 
